p 

•V 



Europalsches Patentamt 
European Patent Office 
Office europeen das brevets 



® Publication number: 



0 326 883 

A2 



0 



<£) Application number 89101040.7 
<g) Date of filing: 21.01.89 



EUROPEAN PATENT APPLICATION 

<£) intCI>.G11C 11/00 



<S) Priority: 28.01.88 US 149568 

<§) Date of publication of application: 
09.08.89 Bulletin 89/32 

<b*) Designated Contracting States: 
DEFRGBITNL 



0 Applicant NATIONAL SEMICONDUCTOR 
CORPORATION 

2900 Semiconductor Drive P.O. Box 58090 
Santa Clara California 95051 -8090(US) 

<S) Inventor Kowshlk, Vlkram 
2094 Limwood Dr. 
San Jose, CA. 951132(US) 
Inventor Lucero, Elroy M. 
3295 Oxford Lane 
San Jose, OA. 95117(US) 

0 Representative: Dipl.-Ing. H. Marsch Dlpt-lng. 
K. Sparing Dlpl.-Phys.Dr. W.R. Rohl 
Patentanwaite 
Rethelstrasse 123 
D-4000 Dtisseldorf 1(DE) 



0 Zero power, electrically alterable, nonvolatile latch. 



® A compact nonvolatile, zero static power, electrically alterable, bistable CMOS latch device is fabncated with 
single layer of polysiiicon. The single polysilicon layer forms the floating gates of the nonvolatile elements of the 
device The control gates are formed in the substrate by burned N+ diffusions and are separated from their 
respective floating gates by a thin oxide dielectric. The circuit can be designed to power-up in a preferred mode 
even before any programming operation has been performed on it. Thereafter, the circuit is available to be 
programmed to either of its two stable states. After the programming operation is completed and the circuit is 
latched to one of its two stable states, the fields across the thin oxide dielectrics are minimal and virtually no 
read disturb condition exist Thus, the latch also offers excellent data retention characteristics. 
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ZERO POWER, ELECTRICALLY ALTERABLE, NONVOLATILE LATCH 



Background of the Invention 



1. Field of the Invention 

The present invention relates to an electrically alterable nonvolatile latch element which can be used as 
a basic element in the construction of electrically reconfigurable logic blocks. 
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10 2- Description of the Prior Art 

Bectricaily erasable and programmable read only memory devices and fteir different J™*"**^ 
are noVbeing designed into new applications beyond the traditional domain of nonvolatile ™mones 
£g£L£te logic arrays which uJ recently were offered only in fusible link technology are now being 

offered in nonvolatile memory technologies. fabricate the 

One disadvantage of fusible link technology is that it requ.res substernal chip area to fabncate Jhe 
fusible Ik^Tmernl. Also, the programming circuitiy required to "blow" the fusible ^ be^arge 
because the link requires a relatively large amount of current to flow through rt to blow w.th a certain 

^cSeTtSue, known as the laser link technique, utilizes a highly ^^/bearr .to selectively 
seoarate the links in a memory circuit with redundant rows or columns. Th.s technique allows the 
reolacemerto a limited number of defective memory locations with the redundant memory locations. 
P TdTs^d^ige of this technique is that it requires substantial investment in capital equ.pment to 

imP Totnir major drawback of the two above-mentioned approaches is that their usefulness is limited by 
fact that thev are only pre-packaging reconfigurable, i.e. they are not in-circurt programmable. 
nfeSS cS devJceTare now being designed wherein nonvolatile EPROM elemente are rep.ac.ng 
the usSmks! * tin tne else of programmable logic arrays and the above-mentioned redundancy circuits. 
™ S T P ™S Tso'es Te £*m of pre-packaging reconfiguration, but it still suffers from high currert and 
voligt requirements. It also requires the use of an external power supply for P~^ m ^ P ^°^ 
UvTght foVerasing one prototype configuration before the device can be reconfigured. Thus, the flexibility 
of in-circuit programming is not available with the EPROM approach. aaaases- 
Several other types of nonvolatile memory elements are d.sc.osed ;n U S ***** 
4 409 723- 4.486,769; 4,599.706. However, these memory elements are pnmanly designed for fugh cell 
count memories and ate not self-sufficient in that they require relatively complex sense amplifiers and have 

relatively poor noise immunity. 132.904. /Hararft and 

Additionally, nonvolatile latch circuits have been proposed in U.S. Pat Nos. 4.132.904 (Haran) ana 

4,57 u's° 4 p2n?4 132.904 discloses a volatile/nonvolatile logic latch circuit with a pair of circuit branches, 
each Smp^sing a S effect transistor and a floating gate field effect transistor connected in senes The 
contiol of the floating gate field effect transistors are cross-coupled to the common junctions ; of he 

series^on^ted transistors 7n the other branch. This circuit can be programmed to a^urne tine des.red 
Sate when power is turned on and can also be intentionally written over if complementary data is to be 

^"us Pat No. 4.571.704 discloses a nonvolatile latch circuit which assumes the proper state when power 
is applied to the circuit, irrespective of the power-applying conditions. This is ^ccompl^ed by ^gunng a 
oW of circuit branches with each branch comprising a field effect transistor connected in senes wrth a 
Seating gaS field effect transistor. The gates of the norma, field effect transistors » * £ 

common junctions between the series transistors in the other circuit branch. Also, the conWl gates of the 
Sing gate field effect transistors are capacitively cross-coupled to the floating gates of the transistors in 

** r*e b Sc? proposed by Bohac. if both the nonvolatile memory transistors in the two circuit branches 
are offTwh 2^ s Sy the case for enhancement floating gate MOSFETs when a device «rst comes out 
5 wafer fabrication), then when power is turned on. the outputs of the nonvolatile latch are indeterminate 
since no pull-down to VSS is available until after the memory elements have been programmed. 
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Summary of the Invention 

An electrically programmable latch in 'accordance witii the present inve ^ n ^ u ^ h tw ^ b ^ 
components: a) two nonvolatile memory cell elements and b) one cross-coupled state latch The two 
s nonvolatile memory cell elements are metal-oxide-semiconductor field effect ti*nsistor (MOSFET) devices 
which form the two branches of the circuit module. The floating gates of the nonvolatile memory, cell 
elements in the two branches are capacitively coupled to their respective control gates v.a couphng 
capacitors which are formed by the overlap area between the control gate and the floabng gate w.th a thin 
oxMe dielectric separating the floating gates from the control gates. In addH.cn to .being capaatvely 
io coupled to their respective control gates, the floating gate of one memory cell element .n one branch is 
caoacitively coupled to the control gate of the other memory call element in the other branch and vice- 
versa. This capacitive cross-coupling is achieved via relatively small area tunneling capacitors commonly 
known to those skilled in the art as. Fowler-Nordheim capacitors. The drain of the nonvolatile memory eel 
element in one branch Is coupled to the input of a complementary ^^^ sem ^ u ^J C ^. 
inverter, while the drain of the nonvolatile memory cell element in the other branch is coupled to the .input* 
a second CMOS inverter. The output of the first CMOS inverter is coupled to the input of the second CMOS 
inverter which is also coupled to the drain of the nonvolatile memory element in the second branch. 
Ukewise the output of the second CMOS inverter is coupled to the input of the first CMOS inverter which « 
also coupled to the drain of the nonvolatile memory element in the first branch. The two cross-coupled 
CMOS inverters form a configuration which is commonly known to those skilled In the art as a static cross- 
coupled latch. The cross-coupled CMOS inverters are intended to sense the state of the two nonvolatile 
memory elements in the two branches and present the appropriate levels on the output lines. 

To program the latch, data input circuitry is employed which can selectively place either a net positive 
or a net negative charge on the floating gate of one nonvolatile memory element in one circuit branch white 
25 simulanteously putting a net negative or a net positive charge on the floating gate of the other nonvotatole 
element in the other branch. The nonvolatile memory element with a net negative charge on the floating 
gate operates in the enhancement mode (i.e. no current flows through the element when its control gate is 
held at ground potential) and is popularly known to be "ERASED" in nonvolatile memory terminology. The 
nonvolatile memory element with a net positive charge on the floating gate operates m the ^P'f™™*° 
30 (he- cunent flows through the element when its control gate is held at ground potential) and .s popularly 
known to be "WRITTEN" in nonvolatile memory terminology. < 

When power is removed form the device, the data in the cross-coupled Inverter latch is lost when 
power is brought back to the device, the states of the nonvolatile memory elements in the two branches are 
sensed at the inputs of the inverters which form the cross-coupled latch. Depending on the states of the 
nonvolatile memory elements (which are normally complementary to one another in the two branches of the 
circuit module), the cross-coupled inverters quickly latch in the proper state by feeding the proper voltage 

level" at the input of the other inverter. 

Thus, the present invention offers an electrically alterable latch wh.ch can be used n a myriad of 
applications where certain functions (for example, a standard EEPROM or a standard logic chip with 
nonvolatile latch elements) need to be customized to meet particular requirements. Another possible 
application is the EE-DIP switch, wherein the pins may be reconfigured according to desired requirements 
by inputting a certain instruction to the device. 

In a particular application, the electrically alterable latch of the present invention has been designed .mo 
the loqic module of a reconfigurable EEPROM device in which different sections of the memory core array 
45 can be reconfigured to be accessed by the outside world. This latch has also been utilized as a buiMing 
block for a nonvolatile address pointer which is used to disable write operations in the user-defined section 
of the memory array core. This provides security of critical data from being accidentally written over. 

Other objects, features and advantages of the present invention will be understood and appreciated by 
reference to the detailed description of the invention provided below which should be considered in 
so conjunction with the accompanying drawings. 

Description of the Drawings 

55 Fig. 1 is a schematic diagram illustrating a zero power, electrically alterable, nonvolatile latch in 

accordance with the present invention, together with a high voltage inverter circuit 
Fig. 2 is a schematic diagram illustrating a layout of the Fig. 1 circuit. 
Fig. 3A is a cross-sectional view taken along line AA in Fig. 2. 
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invention can be used 

Detailed Description of the Invention 

^embodiment* an e,ectricai,y alterable norwoiatile ~ * 9 ^ 

invention, along with an associated high vottage inv erterarcurt. ■ - 2^^^ eouphd static latch 

2??a The second subcircuit includes two ^^^J^^^^ of ^^ors 14 

famtad m a pdysiacon lay- and*. «W gM "L^*2£^ SSaMhSpW to its control 
implant mask. Tit. floating gate (nod. , Q of to J^^^a^lShSnS 5 » ov«lap ot the 
„ gat. (nod. 0) via coupling ""J"*^ ^g^^^Ca* ntasa. as MM m 

a transistors 21 and 22 ara capaciously cross^oupkxlto « ccnwl ^gat^o M Msm 

control gates. ^ H ,_, ori to nod l q wn ich was defined in conjunction with the 

The drain of the memory elemerrt 21 1 « coupted to node B wn.cn whicn was 

cross-coupled static latch. Slmi.aJ^e drain of to ^ ground pote ntial 

previously defined. The sources of both memory elements <l\ ana ^. aio 

M ^inaddl.o.totocapac^coup.ngs,^ 

m "^TJTSSi SZZ~- *_ .» I. «-* call mm* *«* - crass~a.cs 
AA and BB as IndicaMd on tit. layout oT to .latttl afti ^ araln 

45 are used to form the control gates of *e memory^ fran*stc»s and J ^ shown in me 

underpasses in , ^3^38^2 ofl^slSL 21 »d 22 (nodes C and E, 
cross-sectonal *agra^ Rgs- 3A and 3B ™* ^ 9 9 conductive po.ycrystai.ine silicon. 

22 ^^^^ Sir jJi gate oxides 30 and 

,n addition to the capaative coup.^ " Ccoup J, ^ contra, gate due to 

respectivety, the floating gate of the trans.stor2l «*oc.p«^6 M bur ied-N + region 

the overiap of the floating polysilicon gate to rts control ^ 'f™*"^ ^ due to the overlap of 

in the silicon substrate. "Cbn+g." Another component of jhecapacitar.ee. Old, oue ^ 

the floating polysilicon gate to the substrate in the ™«^X™WPr«2-\7v) must be appued to one of 
in order to program the latch, a high programming voltage "VPPi (iz «7v> musi «e *v\> 
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the two programming nodes D or F for about 5-10 ms. Considering the case in which VPPI is applied to 
node D then the other programming node F must be held at the ground potential. For a virgin cell with no 
charge on the floating gate, an initial voltage equal to Rg • VPPI appears across the tunnel oxide 28. where; 

Ccoup + ebn+a . (1) 

Rg ~Ccoup + Cton+g + Ctun + Cf Id + Cgox + Cbn+t 
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where: 

Rg : Control gate coupling ratio of Memory element 

Ccoup: Floating gate to Control gate capacitance due to the coupling oxide, 

Cbn + g: Floating gate to Control gate capacitance due to the buried N+ oxide around the gate region, 
Ctun : Floating gate to Control gate of adjacent cell capacitance due to the tunnel oxide, 
Cfld : Floating gate to substrate capacitance due to the field oxide, 
Cgox : Floating gate to substrate capacitance due to the gate oxide, 

Cbn+t Floating gate to Control gate of adjacent cell capacitance due to the buried-N + oxide around the 
tunnel oxide. 

The initial electric field "E* across the tunnel oxide is given by: 

E rtun (2) 



25 



where, 

Ttun: Thickness of tunnel oxide, 
VPPI: Voltage applied to the Control gate of the memory cell. 

If the initial electric field "E" is of the-order of 9-10 Mv/cm, then a sufficient number of electrons tunnel 
through the tunnel oxide onto the floating gate of transistor 21 storing a net negative charge on node C so 
as to make an appreciable positive shift in the threshold voltage of this device. Also, the floating gate of 
30 transistor 22 is capacitively coupled up to an initial voltage equal to Rg ♦ VPPI. where: 

Ro , ytym t Cfc>n+t 

* g Ccoup +Cbn+g + Ctun + Cfld + Cgox + Cton+t (3) 
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The initial electric field across the tunnel oxide associated with the floating gate of transistor 22 is given by: 

VPPI - Pq » VPPI 
E Ttun (4) 
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If the initial electric field "E w is of the order of 9-10 Mv/cm, then a sufficient number of electrons tunnel 
through the tunnel oxide out of the floating gate of transistor 22 storing a net positive charge on node E so 
as to make an appreciable negative shift in the threshold voltage of this device. 

The operation of positive threshold voltage shift by the application of high voltage. VPPI, to the 
nonvolatile memory element is known as "ERASE" and the operation of negative threshold voltage shift is 
known as "WRITE" in EEPROM terminology. 

Both the ERASE and WRITE operations are self-limiting. During ERASE, the initial eiectnc field £ 
sets up a Fowler-Nordheim conduction of electrons whic follows the following relationship: 



55 



I init(erase) - a • A • E 2 ♦ ex£~ B) ( E) 



(5) 



The field "E" however decreases with time as more and more electrons tunnel through the tunnel oxide 
and are collected on the floating polycrystalline gate. 
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Eventually, the electric field "E» is so low that very few electrons tunnel ^j£2f£A^ 
threshok^oltage shift is negligible. Similarly, during the WRITE operation, the initial electnc field E sets 
up a Fowler Nordheim conduction which follows the relationship: 

I init(write) - al • A • E« 2 • «*P ( E .) (6) 

han> . a ai B B1 are Dhysical constants which depend on the effective energy barrier heights at the 
» rnSon\ten^J ?JZ£<££ mass ratio of electrons in the tunnel dielectric. A is the area of the 
tunnel dielectric. field ai so decreases with time as more electrons tunnel 

" ** SZ SSSoS? » .^ftST* h<* M men»y mmm (nodes 0 and F> are held at the 

to the device, the following sequence of events occur: 

16 further towards the ground potential. 

30 Eventually, due to the positive feedback, node B pulls up to VCC and node A is pulled do^toVSaAt 
this £TZ twrcross-coupled inverters are latched to their proper states and no dc power is consumed 

bY proper' operation of the latch, the current sinking capability of the written <™*r*"£ 

shoula be such that it can pull the corresponding cross-coupled latch node low enough to set the latch to its 

" ^STESSit 10 described above can be used in conjunct with a high voltage inverter 
CiTO tf pSo^^rcult 20 is to translate the low (VSS, and high (VCC) 

htah f.VPp7l2-17v) and low (VSS) levels respectively. Thus, during the programming mode (P*C«Q-VCC. 
40 PROGt3=VSS) I I wKrS - ow CMOS level, then node G is pulled low; this turns N-channe. MOS FET ^4 
o£ and pSannel MOSFET 36 ON. This allows node D to pull up to VPP. and turn P-channe. MOSFET 



38 °fS*the other case, when the DATAINB=high CMOS level during the programming mode, node Gpulte 
, up to^Ss *e CMOS high level, thereby turning N-channe, MOSFET £ £N ?J^™~£SZ 
45 OFF. Node D is pulled down to VSS. thereby turning P-channei MOSFET 38 ON which puns noae « 
towards VPPI Thus, circuit 20 works like a high voltage inverter. _ „ . _ . 1 

t0 cS block 20 is afco connected to the control gate of = orye^ment ^shovj inFig. £ 
This circuit can be used to reset the DATAOUT (Node B) of the nonvolatile latch to a low (VSS) stau. oy 
taking the RESETB signal low during the program cycle. 
50 !o 4 shows one possible setup in which the nonvolatile latch could be used. 

Sol 15 30 mciudes an "N" bit long register which has the nonvolatile latch circuit 10 described 
above " tne baste building block. The circuit block 40 includes "N" high ^ ^ ^^0 
described above, the outputs of each feeding into the input of a corresponding nonvolatile latch 10 in the 

55 ^'addition to the "N" nonvolatile latch elements in the circuit block 30 and "g^X 
me circuit btock 40, there is one additional nonvolatile latch element and two additional high 
^STklSi Jhotn ^ 4. All the high voltage inverters have VPP, and PROG as common input, 
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The top circuit block 20' has "PROGB" and "PROG-DISABLEB" as the other inputs and its output 
"DISABLE" feeds into the control gate of one of the memory elements of the additional circuit block 10 . 
The control gate of the other memory element in the circuit block 10 is connected to VSS. The output 
"PROG-DISABLE" of the circuit block 10 serves as a common input to the remaining N + 1 high voltage 
inverters The second high voltage inverter 20" outside of the circuit block 40 has its last remaining input 
connected to a signal called "RESETS" and its output "RESET" is connected to one input of each 
nonvolatile element in the circuit block 30. The last input of each high voltage inverter element in the circuit 
block 40 is connected to the input of the corresponding nonvolatile latch in the circuit block 30 as shown in 

R9 'The transistor ratios of the cross-coupled inverters in the circuit block 10 outside of the circuit block 30 
can be set such that the circuit powers up with PROG-OISABLE = VSS before the first PROG-DISABLE 
operation is performed. This enables the RESET operation to be performed on ail the nonvolatile elements 
in the circuit block 30. The RESET operation resets all bits AO - AN to Os'. Next the desired brt .pattern 
ADDB1 - ADDBN can be input to the circuit block 40 along with the other inputs VPPl (iz-ijv), 
PROG=VCC DISABLE = VSS valid during the program cycle. After the programming cycle (typically 5-10 
ms) the bit pattern A0-A7 should be identical to the desired bit pattern ADD1 - ADDN that was input to the 

circuit block 40. _ . .. .. . , 

Once the desired bit pattern is programmed in the circuit block 30 is can be disabted from further 
pattern changes by performing a PROG-DISABLE operation. This is done by taking the PROG-OISABLE 
20 S to VSS during the programming operation with RESETS and ADDB1 - ADDBN all at VCC. Th,s 
operation makes the signal PROG-OISABLE permanently high thereby disabling all future pattern changes 

in the circuit block 30. . 

It should be noted that the example described above is merely for illustrative purpose and is only one 
of the many possible configurations which represent the application of the present invention. 
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Claims 



1 An electrically alterable nonvolatile latch element comprising: • 
30 a) a. static latch element comprising first and second cross-coupled inverter elements wherein the 

output of the first inverter element is connected to the input of the second inverter element and the output 
of the second inverter element is connected to the input of the first inverter element; 

b) a first nonvolatile storage element which stores a first charge state, the first storage element being 
connected to provide the first charge state to the input of the first inverter element under preselected 

as conditions, ^jj^ nonvo|atj|e element wnich stores a second charge state, the second storage 

element being connected to provide the second charge state to the input of the second inverter element 
under the preselected conditions. 

40 2. An electrically alterable nonvolatile latch element as in claim 1 and further including means for 
reversing the respective charge states stored in the first and second storage elements under second 
preselected conditions. 

3 An electrically alterable nonvolatile latch element comprising: 

' a) first and second nonvolatile floating gate field effect transistor (FET) memory cell elements, the 
4s floating gates of the memory cell elements being capacitively coupled to their respective control gates, the 
floating gate of the first memory cell element being capacitively coupled to the control gate of the second 
memory cell element the floating gate of the second memory cell element being capacitively coupled to 
the control gate of the first memory cell element; and 

b) a static cross-coupled latch including first and second inverter elements, the drain of the first 
so memory cell element being connected to the input of the first inverter element, the drain of the second 
memory cell element being connected to the input of the second inverter element the output of ttie first 
inverter element being connected to the input of the second inverter element which is also connected to the 
drain of the second memory cell element, the output of the second invertor element is connected to the 
input of the first invertor element which is also connected to the drain of the first memory cell element 

55 
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4 An electrically alterable nonvolatile latch element as In claim 1 and further induing means for 
eharae on the floating gate of the other memory cell element 

charge on *» nonvolatile latch element wherein the static cross-coupled latch compnses 

£SEr.r. s =s ess m r ssr^S 

ISS floating gate and a buried N + implant area separated from the associated floating gate by a 
^TS.'ele^rica.ly alterable nonvolatile latch element as in claim 6 wherein the f^ng gates of the first 

^XS^^e^dtV wherein the means for programming 

^Ta^rs^ connected to the second poten,,, 

connect te the control gate of the first memory cel. element and to gate connected to an enabhng 

P ° tenti S : a first P-channei FET device (36) having its drain connected to the drain of the first N-channe. FET 
device (3% % source connected to receive a pmgramming voltage (VPPI) and its gate connected to the 

93te 0, cf a" ^P^TF^vice U Having its drain connected to the commonly connected gates 
3 m?ans for coupling the control gate of the second memory cel. element to the second potential. 
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© Zero power, electrically alterable, nonvolatile latch. 



© A compact, nonvolatile, zero static power, elec- 
trically alterable, bistable CMOS latch device is fab- 
ricated with single layer of polysiiicon. The single 
polysilicon layer forms the floating gates of the non- 
volatile elements of the device. The control gates are 
formed in the substrate by burned N+ diffusions 
and are separated from their respective floating 
gates by a thin oxide dielectric. The circuit can be 
designed to power-up in a preferred mode even 
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before any programming operation has been per- 
formed on it. Thereafter, the circuit is available to be 
programmed to either of its two stable states. After 
the programming operation is completed and the 
circuit is latched to one of its two stable states, the 
fields across the thin oxide dielectrics are minimal 
and virtually no read disturb condition exist. Thus, 
the latch also offers excellent data retention char- 
acteristics. 
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